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Abstract 



PROBLEM TO BE SOLVED: To provide a multi-nozzle ink jet recording head having high density and 
high reliability. 

SOLUTION: A laminated piezoelectric element unit adhered with a plurality of laminated piezoelectric 
elements on an insulating board, a stationary member for holding the element unit, a diaphragm 
adhered onto the free end face of the laminated element and the stationary member, and a plurality of 
head units 10 constituted by a pressure chamber adhered onto the diaphragm and a channel board 
formed with an ink supply port are fixed to a frame 1 1 . A nozzle plate 13 is adhered to the end face of 
the unit 1 0 and the surface of the frame 1 1 . 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The ink-jet recording head characterized by having fixed to the frame two or more head units which do not 
have the aforementioned nozzle plate in the ink-jet recording head which has a nozzle plate, and pasting up the 
aforementioned nozzle plate on the aforementioned head unit end face and the aforementioned frame side. 
[Claim 2] The aforementioned nozzle plate is an ink-jet recording head according to claim 1 characterized by 
considering as a common thing to two or more aforementioned head units. 

[Claim 3] The ink-jet recording head characterized by connecting with common FPC on the end face which counters 
mutually [ the aforementioned laminating piezoelectric device ], respectively, and carrying out electrical connection of 
both one collector for impressing voltage to each piezo-electric-crystal layer of a laminating piezoelectric device, and 
the collector of another side to the direct exterior in the ink-jet head using a laminating piezoelectric device using this 
FPC. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the structure of an ink-jet head of making an 

ink drop adhering to up to an image recording medium alternatively. 

[0002] 

[Description of the Prior Art] The ink-jet head which injects ink from the nozzle which pressurizes the ink with which 
was made to carry out the variation rate of the diaphragm which formed one of the walls of a pressure room using the 
variation rate of the thickness direction of a laminating piezoelectric device, and the pressure interior of a room was 
filled up, and is open for free passage in this pressure room is shown in JP,7-57545,B. the outline of the structure is 
shown in drawing 7 - as ~ rigidity ~ an ink drop injects from the nozzle 1 1 1 which pressurizes the ink with which was 
made to carry out the variation rate of the diaphragm 103 which forms two or more laminating piezoelectric devices 
107 which can be driven in independent by pasting up laminating piezoelectric material on a member 109, and 
performing recessing to a laminating piezoelectric-material side, and forms one wall of the pressure room 102, and it 
was filled up in the pressure room 102, and is open for free passage in the pressure room 102 This composition aims at 
enlarging the amount of displacement of the thickness direction by carrying out the laminating of the piezo electric 
crystal, considering as a result, and arranging a pressure room by high density, furthermore, the laminating 
piezoelectric device 107 - a diaphragm 103 top and rigidity - also let it be the purpose to connect with the electrode 
pattern 108 formed on the member 109 electrically, and to make a drive easy from the exterior 
[0003] However, it has a problem for the pitch of the laminating piezoelectric device 107 to be decided by the working 
limit of a slot in the aforementioned structure, and make a nozzle pitch dense more. For example, since it is over the 
recessing limitation by the machine far, the nozzle configuration pitch which carries out printing equivalent to 600 high 
definition dots per inch (600dpi) cannot be constituted, if a multi-nozzle head which exceeds further 60 nozzles is 
constituted — rigidity — a member 109 — the diaphragm 103 of a center section ~ enough — being untaxable — 
becoming - moreover, rigidity - if it is not made a large, thing thick enough so that a member 109 can also bear the 
reaction force by the drive of the laminating piezoelectric device 107, a cross talk comes to occur 
[0004] Moreover, if a multi-nozzle head with many nozzles is constituted, in order to form many slots in a multilayer 
piezoelectric transducer with machining, it turns out that the probability that the defect to whom the silver (Ag) which 
is an electrode component inside a multilayer piezoelectric transducer grinds and takes lessons from the piezo-electric- 
crystal wall surface formed with the dielectric, and insulation resistance falls will occur increases. For this reason, the 
yield has the problem that become low and productivity becomes bad. furthermore, the laminating piezoelectric device 
107 - a diaphragm 103 top and rigidity - since it connects with the electrode pattern 108 formed on the member 109 
electrically and connects with an external driving-signal line further from the electrode pattern 108 - an electrical 
connection point ~ increasing — reliability — it has the problem of becoming low 

[0005] Moreover, since the supply way of electrical energy is exposed to an external environment, the ink injected 
from a nozzle 1 1 1 flows in on the laminating piezoelectric device 107 or the electrode pattern 108, and the problem of 
causing an electric short circuit occurs. 
[0006] 

[Problem(s) to be Solved by the Invention] In the ink-jet recording head which this invention is made in view of this 
trouble, the place made into the purpose arranges a laminating piezoelectric device in a substrate, constitutes a print 
head from a diaphragm and a pressure room, and injects ink from the end face of the direction of a list of a laminating 
piezoelectric device, a substrate, and a pressure room, the small and highly efficient multi-nozzle on-demand ink-jet 
head exceeding 60 to 100 is closed, if possible, and it is in offering the ink-jet recording head which has productivity 
and reliability further. 
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[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the composition of the following 
publication is used for the ink-jet head of this invention. The 1st ink-jet head by this invention The laminating 
piezoelectric-device unit which pasted up two or more laminating piezoelectric devices on the insulating substrate, The 
holddown member holding a piezoelectric-device unit, and the diaphragm joined on the free-end flat surface of a 
laminating piezoelectric device, and a holddown member, Two or more head units constituted from a passage substrate 
in which the pressure room and ink feed hopper which were pasted up on the diaphragm were formed are fixed to a 
frame, and it is characterized by joining a nozzle plate to the aforementioned head unit end face and a frame side. 
[0008] The 2nd ink-jet head by tikis invention The laminating piezoelectric-device unit which pasted up two or more 
laminating piezoelectric devices on the insulating substrate, The holddown member holding a piezoelectric-device unit, 
and the diaphragm joined on the free-end flat surface of a laminating piezoelectric device, and a holddown member, It 
is characterized by fixing to a frame the plurality of the head unit which consists of a nozzle plate pasted up on the end 
face of the passage substrate in which the pressure room and ink feed hopper which were pasted up on the diaphragm 
were formed, the aforementioned holddown member and the aforementioned diaphragm, and the aforementioned 
passage substrate so that the interval of the nozzle train of the aforementioned nozzle plate may become fixed. 
[0009] The 3rd ink-jet head by this invention is characterized by performing beveling or recessing to the portion which 
is on an insulating substrate and is equivalent to the end face of a multilayer piezoelectric transducer. 
[0010] After the 4th ink-jet head by this invention determines the position of a nozzle train by the positioning mark 
which pressed against the flat side on a fixture the flat surface which a frame forms, and the flat surface of a nozzle 
plate, and was formed on the nozzle plate, it is characterized by the manufacture method which fixes two or more head 
units with ultraviolet-rays hardening type adhesives to a frame. 

[001 1] The 5th ink-jet head by this invention is characterized by carrying out direct electrical connection of the 
driving-signal input line from the outside to the collector section for impressing voltage to each piezo-electric-crystal 
layer of a laminating piezoelectric device. 

[0012] The 6th ink-jet head by this invention is characterized by being linear electric contact to which the driving- 
signal input contact from the outside open-wire-ized FPC in electric contact linked to the collector section of a 
laminating piezoelectric device. 
[0013] 

[Embodiments of the Invention] Draw i n g 1 is a decomposition perspective diagram showing the outline composition of 
the ink-jet recording head for explaining the 1st example of this invention, and the decomposition perspective diagram 
of the head unit from which drawing 2 constitutes a part of this ink-jet recording head, and drawing 3 are the cross 
sections of this head unit. The outline composition of an ink-jet recording head is explained using this drawing below. 
[0014] A multilayer piezoelectric transducer 20 is formed by calcinating, after carrying out the laminating of the 
electrode layer 3 1 of the shape of a paste which makes silver a principal component and carrying out two or more 
laminatings of the piezoelectric-material board 30 and the electrode layer 31 one by one further on the piezoelectric- 
material board 30 of the about 20-micrometer shape of a thin paste which has piezoelectricity effect, as shown in 
drawin g 3 . In addition, it was formed in both sides of each piezoelectric-material board, while exposed to collector 22a 
of an end face, and the electrode layer 31 is exposed to collector 22b of the end face which another side counters. 
Collectors 22a and 22b form chromium, nickel, and gold in a multilayer piezoelectric transducer 20 by giving thin film 
means forming, such as a vacuum deposition method, one by one. If voltage is impressed between collector 22a of a 
multilayer piezoelectric transducer 20, and collector 22b, electric field occur to each piezoelectric-material board 30, 
only a size with each piezoelectric-material board minute in the thickness direction will be extended, and a multilayer 
piezoelectric transducer 20 will carry out initial-complement displacement in the thickness direction as the 
accumulation. 

[0015] As shown in drawing Jl , this multilayer piezoelectric transducer 20 is pasted up on the insulating substrate 21 
which consists of insulating materials, such as a ceramic. By furthermore performing recessing with machining 
meanses, such as a wire saw, from the upper surface of a multilayer piezoelectric transducer 20, a multilayer 
piezoelectric transducer 20 is divided into the laminating piezoelectric device 23 which can be driven independently, 
and the piezoelectric-device unit 25 is formed. The power from the outside connects electrically linear contact 24a 
which it was supplied by FPC (flexibility, a print, cable)24, and was open-wire-ized near the edge, collector 22a, and 
collector 22b by methods, such as soldering. Since the laminating piezoelectric device 23 is displaced also crosswise 
[ the / perpendicular length direction and crosswise / perpendicular ] at the same time it displaces it in the thickness 
direction, according to the conventional method of forming an electrode pattern in the upper surface and the 
undersurface of the laminating piezoelectric device 23, or other members, and connecting with the field of Collectors 
22a and 22b, an open circuit is often caused by the rope ****** to connect. If the method of carrying out direct 
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electrical connection of FPC24 to the collectors 22a and 22b of the laminating piezoelectric device 23 like the example 
of this invention is taken, since it has connected electrically only in the portion of a collector compared with the 
method of forming an electrode pattern in the upper surface and the undersurface of the laminating piezoelectric device 
23, or other members and the number of electric contacts will become fewer, reliability improves. Furthermore, since 
the nose of cam or the near [ a nose of cam ] section of FPC24 is open-wire-ized and it is considering as linear metal 
electric contact, it is that linear metal electric contact is extended to deformation of the thickness direction of the 
laminating piezoelectric device 23, and regulating deformation of the laminating piezoelectric device 23 by the rigidity 
which FPC has is removed. For this reason, an electric machine conversion efficiency improves. 
[0016] Moreover, if it is the lower part of collector 22a located in the end face of a multilayer piezoelectric transducer 
20, or collector 22b as shown in drawing_3 , and 34a is beveled on the insulating substrate 21 and recessing is beveled 
to a pan like 34b in the portion joined to the insulating substrate 21 Even if the adhesives between the insulating 
substrate 21 and a multilayer piezoelectric transducer 20 protrude some, the end face of the insulating substrate 21 and 
collector 22a can be made into a flat field, and the field of the upper surface of the insulating substrate 21 and collector 
22b can be made into a perpendicular field. For this reason, extruding FPC24 of the portion outside and starting 
defective continuity by the electrical installation of Collectors 22a and 22b and FPC24 by the flash of local adhesives, 
is lost, and reliability improves. 

[0017] Thus, the piezoelectric-device unit 25 constituted by the insulating substrate 21, a multilayer piezoelectric 
transducer 20, and FPC24 is inserted in the holddown member 26 which consists of resin material by which the 
aperture was formed in the center section as shown in drawing 2 . Furthermore, after making it the adhesion side of the 
insulating substrate 21, the free end face which is a field of an opposite side, and the upper surface of a holddown 
member 26 become flat by the laminating piezoelectric device 23 as shown in the cross section of drawing 2 , the 
crevice between the insulating substrate 21 and a holddown member 26 is filled up with adhesives, and a piezoelectric- 
device unit is fixed to a holddown member 26. 

[001 8] Thus, the laminating of the thin diaphragm 27 is carried out on the flat surface formed by the holddown- 
member 26 upper surface and the free end face of the laminating piezoelectric device 23. Furthermore, a diaphragm 27 
is pasted up with the free end of the laminating piezoelectric device 23, and the upper surface of a holddown member 
26. the diaphragm 27 was formed with electroforming here about several micrometers are a nickel board The 
passage substrate 28 which was furthermore equipped with the pressure room 32 and the ink feed hopper 33 
corresponding to each of of the laminating piezoelectric device 23, and was formed with resin material is pasted up. 
Suppose that such a made unit is described as the head unit 10 below. 

[0019] As mentioned above, the laminating piezoelectric device 23 pastes up a multilayer piezoelectric transducer 20 
on the insulating substrate 21, and by the wire saw, it carries out recessing and it forms it. For this reason, the powder 
of the silver-palladium of the electrode layer 31 cut by the wire is rubbed against the cutting plane of the piezoelectric- 
material board 30. By exposing the electrode layer 3 1 which counters to a cutting plane, since the interval is about 20 
micrometers of the board thickness of the piezoelectric-material board 30, insulation resistance deteriorates easily in 
external environments, such as moisture. It seems that moreover, a micro crack occurs in the piezoelectric-material 
board 30, moisture adsorbs into this, and insulation may deteriorate by mechanical vibration although it does not 
understand well. Even if it does not mean the short circuit with poor insulation electric here and has several M omega 
resistance, what the resistance falls gradually by continuation drive, and makes the phenomenon which charges or 
discharges the laminating piezoelectric device 23 to timing other than the ink drop injection which passed current 
excessive in addition to a drive, or was chosen, and injects an excessive ink drop is said. Although the grade whose 
generating with such a poor insulation is the conditions of machining, improvement of material, etc. can improve, if a 
large number are made with the head of 64 channels, some heads which the poor insulation of about one to two 
channels surely generates will be made. For this reason, the yield of production became very bad. 
[0020] At dr_awing_2 , since it was easy, although four laminating piezoelectric devices 23 and four pressure rooms 32 
showed four channels, the head unit 10 consists of 20 to 50 channels in practice. When the head unit 10 was constituted 
from a number of channels of this level, compared with the case where the probability that the insulation of a piezo- 
electric unit is poor is 64 or more channels, it fell markedly, and the yield of a piezo-electric unit improved. 
[0021] the rigidity of the typeface of big KO like before shown by drawing 7 since the holddown member 26 could 
combine the insulating substrate 21 and the diaphragm 27 mechanically and tied deformation of the laminating 
piezoelectric device 23 to deformation of a diaphragm 27 efficiently - the print head it is good and small and 
lightweight has been constituted without using a member 109 Furthermore, since the diaphragm 27 of the portion 
located before and after the laminating piezoelectric device 23 was depended holddown-member 26 and it was fixing, 
generating of a cross talk was able to be pressed down also in the center section of the head unit 10. 
[0022] Furthermore, the electric plane of composition of the electrode of the laminating piezoelectric device 23, the 
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collectors 22a and 22b of the laminating piezoelectric device 23, and Collectors 22a and 22b and FPC is enclosed by 
the insulating substrate 21, the diaphragm 27, and the holddown member 26, and risk of the injected ink drop being 
turned and crowded and causing short-circuit disappears. If the crevice between the insulating substrate 21 and a 
holddown member 26 is furthermore fill uped with adhesives etc., the leakage current which flows on the recessing 
side of the laminating piezoelectric device 23 by environmental conditions, such as moisture, can be reduced. 
[0023] DrawingJ shows the decomposition perspective diagram of the ink-jet recording head constituted using two or 
more head units 10 formed as mentioned above. It inserts in the window part of the frame 1 1 which formed three head 
units 10 with resin material, and as it becomes the same flat surface, head unit end-face 10a and end-face 1 la of a 
frame 1 1 fill up with adhesion the crevice between the ribs of the frame 1 1 interior and the head units 1 0 which are not 
positioned and illustrated, and fix to it. The nozzle plate 13 which formed the nozzle 12 of three trains next is pasted up 
on head unit end- face 10a and end- face 1 la of a frame 11, and an ink-jet recording head is formed. 
[0024] Although the pitch between nozzles of each train of a nozzle 12 is the same as the head unit 10, the pitch 
between nozzles shifted 1/3 pitch at a time from the line on the basis of the scanning direction (a nozzle train and the 
right-angled direction) to the record form of a head, and three head units 10 are arranged. For this reason, print density 
can consist of pitches 3 times the density of the head unit 10. The laminating piezoelectric device 23 of the head unit 
10 or the list of the pressure room 32 was formed by 120dpi in fact, and the print density of an ink-jet recording head 
was made by this 3 times as many 360dpi as this. Moreover, it is also possible to form the laminating piezoelectric 
device 23 of the head unit 10 or the list of the pressure room 32 by 200dpi, and to set print density of an ink-jet 
recording head to 600dpi. 

[0025] Drawing^ is a decomposition perspective diagram showing the outline composition of the ink-jet recording 
head for explaining the 2nd example of this invention, drawing 5 is drawing showing arrangement of the nozzle of this 
example, and drawing 6 is the cross section showing the relation between a head unit and a frame. As drawing 4 
shows, an example 2 is formed using the head unit 10 explained in the example 1 . The end face of the holddown 
member 26 of the head unit 10, a diaphragm 27, and the passage substrate 28 is made flat with machining of a lap etc., 
and a nozzle 41 pastes up the formation ****** nozzle plate 43 on this flat surface. This head unit with a nozzle is 
newly described as the head unit 40. this example, an example 1, and a difference are the points whether ink injection 
is possible in the state of the head unit 40. 

[0026] Thus, three formed head units 40 are inserted in the window part of a frame 42 as shown in drawing 4 . Nozzle 
41 position of the head unit 40 which adjoins as shown in drawing 5 is shifted only one third of the pitches between 
nozzles. It carries out to positioning using the positioning mark 50 prepared on the nozzle plate. If it does in this way, 
an ink-jet recording head 3 times the print density of the pitch between nozzles of the head unit 40 can be formed like 
an example 1 . next, it is shown in drawing 6 — as - the end face of a nozzle plate 43 and a frame 42 — quantities, such 
as a fixture, - it presses against a flat field, the head unit 40 and a frame 42 are fixed with the ultraviolet-rays 
hardening type adhesives 61 from a background, and an ink-jet recording head is formed Moreover, beveling 42 is 
performed on the front face of a frame 42, and it gets down, and the seal of the contact section with the head unit 40 is 
carried out so that the adhesives 63 of a resin system or a rubber system may be poured to this space and ink may not 
advance into the interior. 

[0027] If the print head is formed like an example 2, although there is no cross talk, there is little poor insulation of the 
laminating piezoelectric device 23 and an ink-jet recording head with high print density can be constituted from using a 
head unit with comparatively few nozzles like an example 1, the still more nearly following advantages are also 
produced. 

[0028] In each head unit 40, the point in which ink injection is possible is raised to the 1st. While ink-jet recording 
head technology is easy to constitute, it has many functions required of each component. For example, in a nozzle plate 
43, a hydrophilic property (contact angle of a front face and ink) with the ink within the hole configuration of a nozzle 
41, a dimensional accuracy, surface roughness, and the head unit 40, the water repellence of the front face by the side 
of ink injection, the boundary condition of the field which has the aforementioned hydrophilic property on a nozzle 41, 
and the field which has the aforementioned hydrophobic property, etc. are complicated, and the function in which the 
component of further others is various similarly is required. Furthermore, since the piezoelectric constant of a 
multilayer piezoelectric transducer will be changed 10% from 5% by composition of material, or dispersion in a work 
process if quantity is produced, performances, such as jet velocity of ink and a path of an ink drop, produce dispersion. 
For this reason, it actually needs to be filled up with ink or other liquids after head completion, and it is necessary to 
check quality and a performance. If it enables it to check each performance by the unit configuration with 
comparatively few nozzles, since an ink-jet recording head can be formed combining equal head unit 40 of dispersion 
in not adopting a poor head or a performance, quality can be improved and productivity of ** improves. 
[0029] Three head units 40 may be filled up with the ink in which kinds differed as another example, and a color ink- 
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jet recording head may be constituted. In this case, viscosity, surface tension, etc. which are the physical properties of 
ink need to use the head unit from which a performance differs, in order to arrange an ink injection performance within 
an ink-jet recording head, since it differs in YMC each color. It is good for the composition of an example 2 to be 
effective and to constitute an ink-jet recording head combining three head units 40 of a different performance checked 
in advance to such a demand. 

[0030] Since the nozzle plate 43 is divided at the ink injection flat surface as the 2nd advantage, respectively, when it 
constitutes a color ink-jet recording head, it is the point that whose YMC each color carries out color mixture with the 
41st page of a nozzle it is lost. Although the ink injection flat surface was generally maintained by the wiping 
mechanism etc., there was risk of other ink of a contiguity nozzle being mixed by wiping operation, and carrying out 
color mixture on a nozzle 41 . Color mixture can be prevented if the water-repellent field 45 which prevents 
surroundings **** of ink between each color separately with a nozzle plate 43 in each color is formed. 
[0031] 

[Effect of the Invention] According to the composition of the ink-jet head in the example 1 and example 2 of this 
invention, the multi-nozzle head exceeding 60 or more nozzles of further 100 nozzles which does not have a leakage 
current in respect of [ in a laminating piezoelectric device ] machining, and does not have a cross talk can be formed 
using the plurality of the head unit which put the laminating piezoelectric device of quantity suitable on an insulating 
substrate in order. 

[0032] Since the ink-jet recording head was furthermore constituted in accordance with the performance of a head unit 
according to the composition of the ink-jet head in an example 2, while being able to make the print head optimized to 
each color of color ink, it was lost that each color of ink is mixed on a nozzle plate, moreover, the quality of a head unit 
— being manageable — productivity improved 

[0033] Moreover, the reliable ink-jet recording head has been formed by joining directly linear electric contact which 
open-wire-ized near the nose of cam of FPC to the collector of a laminating piezoelectric device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 5] 
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